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An iterative PDF estimation and decoding scheme is proposed as 
follows (refer to Fig. 1): 
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Fig. 1 Iterative PDF estimation and decoding scheme in CDMA system 
(i) For the first iteration, the input of the decoder, %bi(O); I ) ,  is 
generated through a GA because it is impossible to refine the glo- 
bal noise from received signals. One of the SISO decoder outputs, 
the updated LLR of codeword ?(bi(O); 0), is hard-decoded to 
obtain &O). 
(ii) For the subsequent iterations, the global noise and its PDF are 
estimated by eqns. 5 and 4, respectively, and h(b,’O); I )  is calcu- 
lated from the estimated PDF and Tii. The hard-decoded output 
of ?(b,’O); 0) is fed back to the PDF estimator. 
(iii) After several iterations, the final decoded sequence 8Jo) is 
generated through the hard decision of another soft-output, 
?(dJ0); 0). 
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Fig. 2 PDF of global noise in CDMA system 
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Numerical results: The case of a CDMA system with one interfer- 
ing user (U = 1) is demonstrated here because it is a typical exam- 
ple to show the non-Gaussian characterisation of global noise [6]. 
The processing gain is Ls = 31, and Gold codes [4] are employed 
as the spreading code. 
First, the PDF curves of the global noise are shown for certain 
parameters in Fig. 2. The true PDF of the global noise from 
eqn. 2 is sharper than the Gaussian PDF with the same variance 
0: at the central peak and has flection on both sides. For the 
range 1x1 > 30,, the true PDF is close to the Gaussian PDF. 
Therefore, the PDF of 1x1 > 30, can be calculated from the Gaus- 
sian PDF in order to simplify the computation. The kemel esti- 
mated PDF based on L = 1000 samples reflects the features of the 
true PDF. 
A convolutional code of code rate R = 1/2, constraint length K 
= 5 and generator G = [23, 3518 was used. The length of the infor- 
mation frame was 496, followed by four terminated bits. Hence, 
the length of a transmitted codeword frame is L = 1000. The bit 
error rate (BER) performance of iterative PDF estimation and 
decoding in the coded CDMA system is illustrated in Fig. 3. The 
performance obtained when applying the GA shows an error floor 
at relative high BER. The performance of the first iteration is 
nearly the same as that of the GA, and the second and third itera- 
tions are increasingly close to that of the true distribution. The 
third iteration brings a coding gain of 3dB over the GA at a BER 
of l g 4 .  It is observed that additional iterations will not provide 
any significant improvement. 
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Fig. 3 BER performance of iterative PDF estimation and decoding in 
convolutional coded CDMA system 
Two users, Pi(l)/Pi(0) = lOdB 
-0- Gaussian approximation 
-L true distribution 
-A- iterative estimation, i = 1 
__ iterative estimation, i = 2 
. . . . .  iterative estimation, i = 3 
Conclusions: A new iterative PDF estimation and decoding scheme 
has been proposed for CDMA systems where the PDF of global 
noise is not suitable for approximation as a Gaussian. One appli- 
cation is a coded CDMA system with a few high-power interfering 
users. The performance of this convolutional coded system shows 
that the iterative scheme improves the performance signtfkantly 
over the use of a GA with acceptable computational complexity. 
This scheme can also be used in turbocoded CDMA systems. 
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Performance of bit-interleaved turbo-coded 
modulations on Rayleigh fading channels 
S. Le Goff 
The performance of several bit-interleaved coded modulation 
schemes using turbo codes is investigated for communication over 
Rayleigh fading channels. Simulation results indicate that, for any 
spectral eficiency ranging from 2 to 7bit/s/Hz, these systems 
provide excellent bit error rate performance, being within 1.1 dB 
of the channel capacity. 
Introduction: Introduced in 1993, turbo codes. can achieve high 
coding gains close to the Shannon limit [I]. To design bandwidth- 
eficient coding schemes, some successful attempts have been 
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undertaken to combine these codes with multilevel modulations 
over Gaussian channels [2 - 41. For communications on fading 
channels, it is also interesting to study the bit error rate (BER) 
performance of high coding rate turbo codes combined with high- 
order quadrature amplitude modulation (QAM) modulations. In 
this Letter, we investigate the performance of several bandwidth- 
efficient schemes designed using the bit-interleaved coded modula- 
tion approach, which has been proven to be particularly attractive 
on Rayleigh channels [5]. As a turbo coding technique is 
employed, these systems are termed 'bit-interleaved turbo-coded 
modulation' (BITCM). 
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Fig. 1 BITCM transmitter and receiver structure 
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BITCM structure: The block diagrams of the BITCM transmitter 
and receiver are depicted in Fig. 1. The transmitter is made up of 
a 2m-state QAM modulator (MOD) with a square constellation 
combined with a rate R encoder built from a standard rate-1/3 
turbo encoder (ENC) by puncturing some redundant bits. To 
obtain samples affected by uncorrelated noises at the turbo 
decoder input, an interleaver z is inserted between the puncturer 
and the modulator. At time k,  the modulator maps a set {uk,i}, i E 
{1 ..m}, of m bits to a 2m-ary complex symbol Xk according to 
Gray mapping. After transmission, the receiver acquires both the 
complex sample Yk which represents the emitted symbol Xk, and 
the complex Rayleigh sample a k  corrupting Xk. The a k  samples 
are assumed to be independent. The logarithm of likelihood ratio 
(LLR) associated with each bit uk,l is computed and used as 
a relevant soft decision by the standard turbo decoder (DEC). 
This operation is fundamental since this turbo decoder is a binary 
decoder optimised for Gaussian channels, and therefore not able 
to process samples Yk and a k .  The LLRs A(Uk.3  are obtained using 
the relation, for i E { l...m} 
where K is a constant, and P(Uk,, = j I Yk, a k )  denotes the probabil- 
ity that uk,i = j given Yk and a k .  Strict application of eqn. 1 leads 
to expressions which are very complex to implement. Fortunately, 
it was shown that accurate and simple approximations of these 
expressions exist. For more details, the reader is referred to [6]. 
For a square 2"-QAM constellation with Gray mapping, LLRs 
A(uk,;) are correlated over m/2 values. Thus, it is necessary to use a 
deinterleaver r1 to ensure efficient turbo decoding. Based on sim- 
ulation results, we have checked that the absence of interleaving 
sigdkantly degrades the BER at the turbo decoder output [6]. 
The depuncturer replaces the punctured bits with zero (neutral) 
values in order to provide the standard turbo decoder with three 
samples at each time k. 
Simulation results: In Figs. 2 - 4, we show the BER curve as a 
function of the signal-to-noise ratio EbINo (Eb: energy per informa- 
tion bit) for several BITCMs employing square 16, 64, and 256- 
QAM constellations. These systems achieve spectral efficiencies 
ranging from 2 to 7 bitls/Hz. Simulations consider a rate-1/3 turbo 
code built from two 16-state recursive and systematic convolu- 
tional @SC) codes with polynomials (23, 31). These RSC codes 
are separated by a pseudorandom interleaving function the size of 
which is equal to 65536 bits. The MAP algorithm is used for the 
decoding of each RSC code [I]. Turbo decoding is performed in 
either 5 or 10 iterations from the LLRs A(uk,;) given by the simpli- 
fied expressions derived in [6]. For each BITCM scheme, the 
capacity limit was computed using the results given in [5]. 
I 
6 I 
EbIN,, dB 
l o  ! 5 6 7 0 9 10 
1305/21 
Fig. 2 BER performance over Rayleigh channel of two BITCMs using 
16-QAM and turbo code with coding rate R = I/2 or 3/4 
-e R = 112 (5  and 10 iterations) 
-& R = 3/4 ( 5  and 10 iterations) 
(i) capacity for 2 bitidHz = 4.0dB 
(ii) capacity for 3 bitMHz = 7.5dB 
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Fig. 3 BER performance over Rayleigh channel of two BITCMs using 
64-QAM and turbo code with coding rate R = 2/3 or 5/6 -- R = 213 (5  and 10 iterations) 
-.i- R = 516 ( 5  and 10 iterations) 
(i) capacity for 4 bitMHz = 9.2dB 
(ii) capacity for 5 bitMHz = 12.6dB 
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Fig. 4 BER performance over Rayleigh channel of two BlTCMs using 
256-QAM and turbo code with coding rate R = 314 or 7/8 
--C R = 314 (5  and 10 iterations) 
--C R = 7/8 ( 5  and 10 iterations) 
(i) capacity for 6 bitMHz = 14.3dB 
(ii) capacity for 7 bitMHz = 17.7dB 
732 ELECTRONICS LETTERS 13th April 2000 Vol. 36 No. 8 
Authorized licensed use limited to: Newcastle University. Downloaded on January 19, 2010 at 05:48 from IEEE Xplore.  Restrictions apply. 
From Figs. 2 - 4, it can be seen that BITCMs perform very 
well over Rayleigh channels for all spectral efficiencies. In particu- 
lar, the BER performances are very close to the channel capacity 
in all cases. For instance, at a BER of the gap between the 
capacity and the performance of a BITCM built from a 16-QAM 
and rate-1/2 turbo code is equal to 1.4dB with five iterations, 
l.ldB with 10 iterations, and only 0.95dB when a very large 
number of iterations are used. For any BITCM, we have noticed 
that the BER performance is within 1.ldB of the channel capac- 
ity, provided that the nuniber of iterations is sufficiently large. 
1.4- 
1.2 
Conclusions: The BER performance of several BITCMs over 
Rayleigh fading channels has been analysed. Although they are 
easy to implement and quite flexible (the same standard turbo 
code is employed for different spectral efficiencies), BITCMs 
achieve a performance which is very close to the channel capacity. 
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Second-order nonlinear susceptibility in 
AS& chalcogenide thin glass films 
Y. Quiquempois, A. Villeneuve, D. Dam, K. Turcotte, 
J. Maier, G. Stegeman and S. Lacroix 
For the first time, an observation of second-order nonlinear 
susceptibility in an AS& chalcogenide glass thin film is reported. 
Both thermal poling and optical poling were used to induce this 
nonlinearity. In both cases, the magnitude of the x333 coefficient 
was estimated to be > 0.6pmN. 
Introduction: Recently, there has been increasing interest in chal- 
cogenide glasses (ChGs) due to their possible applications in opti- 
cal telecommunications. ChGs have been used to make Bragg 
gratings and optical switching devices [I, 21. In this Letter, we 
report for the first time the possibility of inducing a second-order 
nonlinear susceptibility ~ ( ~ 1  in As& chalcogenide glasses. Second- 
order nonlinear effects in amorphous semiconductors open up 
unique possibilities for the development of new devices for tele- 
communications. 
Experiments: The samples under investigation consisted of thin 
films of As2S3 glass deposited onto an indium tin oxide (ITO) 
transparent electrode, which was previously deposited onto a BK7 
silica plate. The thickness of the As2S3 film was -4pn, and that of 
the I T 0  electrode < 200nm. 
To induce a second-order nonlinear susceptibility, two methods 
were used: thermal poling [3] and optically assisted poling [4], both 
methods having been proved to be successful in silica glasses. In 
both cases, a pressed-on silicon electrode was used to apply the 
high static electric field. Thermal poling was performed by heating 
the sample to -70°C for 1 h and by simultaneously applying 150V 
across the electrodes. To carry out the optically assisted poling, 
the beam from an argon laser (both 488 and 514nm) was defo- 
cused onto the sample. The total fluence and the intensity were 
chosen to be equal to 5J/mm2, and 2.5mW/mm2, respectively. 
Indeed, it has been reported that an exposure of > 100mJ/mm2 
and an intensity of > 0.2mW/mm2 are necessary to induce perma- 
nent changes in the lattice structure of As2& [2]. The optically 
assisted poling was carried out by applying 100 V for half an hour 
across the electrodes as the sample was irradiated. After the expo- 
sure, a change in the colour of the poled region was observed. 
This can be explained by the photosensitivity of the AsZ& under 
exposure to near bandgap illumination. 
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Fig. 1 Evolution of experimental second harmonic peak power against 
pump beam incident angle 
Continuous lines represent average over five consecutive points + unpoled region 
thermally poled sample 
The magnitude of the induced x(2) was measured using Maker 
fringe experiment with a pump wavelength h = 1550nm. This 
experiment consisted in recording the peak power of the second 
harmonic wave generated in the sample as a function of the inci- 
dent angle of the pump laser beam. To this end, the sample was 
placed on a motorised rotation stage. The pump beam was 
focused onto the deposited chalcogenide layer. The repetition rate 
of the pump laser was set at lOHz and the average pulse duration 
was -10ns (FMHW). A thermally poled InfrasilTM silica plate was 
used as a second-order x(2) reference. In this silica plate, the thick- 
ness of the nonlinear region was < 4 p n  and the x333 coefficient 
was estimated to be > 0.2~“ [3, 51. 
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Fig. 2 Evolution of second harmonic peak power generated only in 
A g S 3  layer against incident angle 
Continuous lines represent average over five consecutive points 
W thermally poled As2S3 layer + poled silica sample 
0 optically poled As2S3 layer 
Results: The Maker fringe patterns obtained from the thermally 
As2& poled sample (TPS) are shown in Fig. 1. Two curves were 
recorded, one when the pump beam was focused in the poled 
region and one when it was focused in an unpoled region. A sec- 
ond harmonic signal (SHS) was observed in the unpoled area, but 
it can be seen that the SHS recorded in the poled region is higher 
than that obtained in the unpoled region. The SHS increases when . 
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